Earth is essential for understanding the origins of water and life, and for constraining the chemical and dynamic processes that operated during the evolution of the early Solar System and planet formation (1). Meteorites, micrometeorites and cometary materials can be used in this respect as remnants of the primordial reservoirs of volatile elements present in the protoplanetary disk 4.57 billion years ago. It is however necessary to take into account the effects of alteration processes that occurred within their parent bodies (e.g. hydrothermal alteration and thermal metamorphism), but the modifications induced by these secondary processes on the pre-accretion components remain unclear (2-4).
interest (12) . Micrometer-to-nanometer-sized organic matter aggregates are mostly found intertwined at a sub-micrometer scale in the chondrite fine-grained matrix in association with hydrated minerals (13) . This small-scale association is challenging for the complete separation and exhaustive analysis of the volatile-bearing components (14) (15) (16) .
Hydrogen isotopes can be used to track the chemical processes involving water and/or organic matter on parent bodies and to constrain the origin of accreted materials on asteroids and planets (17) . By performing whole rock isotope measurements, Alexander et al. (11) showed the presence of positive and distinct correlations between D/H and C/H ratios in both CM-and CR-type carbonaceous chondrites. These correlations indicate that (i) the bulk hydrogen isotopic composition of a given chondrite is the product of mixing a D-poor and Cpoor component (presumably the water from which the hydrated minerals formed) with a Dricher organic material in particular proportions, and (ii) that the hydrogen isotope intercepts correspond to the isotopic compositions of the initial water components. The isotopic composition of the water was found to be distinct in each group: D/H initial water = [87 ± 4] !10 We measured the D/H and C/H ratios in the fine-grained matrices of six CM chondrites in situ at a micrometer scale by secondary ion mass spectrometry (SIMS). Depending on the location of the in situ measurement in the matrices, the D/H and C/H ratios may vary as a function of the relative amount of hydrated minerals to organic matter. If, as expected from bulk and insoluble organic matter measurements in CMs (3, 9) , the D/H ratios are locally higher in the organics than in the water, then the D/H and C/H ratios should show a positive correlation that reflects the local variations in the proportions of hydrated minerals to organics. These correlations could then be used to estimate the D/H ratio of water for each chondrite as demonstrated in a previous study (16) . By comparing the D/H ratios of water in CM chondrites that exhibit different degrees of alteration, we should be able to: (i) examine The zero intercept of the linear fit was used to estimate the D/H ratio of the inorganic Hbearing end-member in each chondrite (Methods, Table 2 and Supplementary Table 2 The amount of water measured in the carbonaceous chondrites whole rock is considered to be a proxy for the alteration degree (11) . Even if part of the water may have been lost since the accretion of the parent body, the water content of CMs seems to correlate with both the degree of alteration and the whole rock D/H ratio ( Figure 3 containing mainly phyllosilicates, the least-altered parts of the Paris matrix are dominated by micron-sized amorphous silicate units with nano-inclusions of Fe-sulfides occasionally edged by a fine fibrous material and separated by porosity (30) . The preservation of these characteristics indicates that the matrix has been neither significantly altered nor thermally modified and that no pervasive water has circulated in these least-altered parts (30) . Paris chondrite indicate that the meteorite was not exposed to significant terrestrial weathering and that it was possibly collected right after its fall: (i) Paris has a very fresh black shiny fusion crust (7), (ii) it contains amino acids and hydrocarbons -molecules sensitive to terrestrial weathering and contamination -showing no signs of contamination, and that are likely better preserved than in other CM falls (53), (iii) no depletion in Na was observed in Paris suggesting that it was collected before being exposed to rain (7, 32) .
Sample preparation. For in situ isotope measurements, sub-millimeter pieces of each chondrite were handpicked under a stereomicroscope and pressed in pure indium foils. As the Paris chondrite contains local differences in its alteration degree (7), both fresh and more altered areas were obtained from the French National Museum of Natural History and were mounted separately. Fine-grained matrix areas were then localized using a polarized reflectedlight microscope and backscattered electron images and chemical maps using dispersive Xray spectroscopy performed using a JEOL JSM 7000F scanning electron microscope (SEM)
at Hokkaido University. After SIMS measurement, the positions of the analyzed areas were also monitored by SEM and points falling outside of the fine-grained matrix areas were rejected. Table 2 ). Because the main H-bearing phases in the CM matrices correspond to hydrated silicates (Fe-Mg serpentine and cronstedtite; 13, 25) , and as the equilibrium isotope fractionation factor ' between serpentine (or other hydrated silicates) and water is lower than the precision of the D/H ratio (1000 # ln ' serpentine-water $ -43 (27) at a alteration temperature of 100°C (58) were calculated on all chondrites except Paris. (b) D/H ratios measured in whole rocks and in isolated matrix pieces (11, 22, 23 and this study). The alteration index of Sayama has not been determined. As
Sayama is considered to be more altered than Cold Bokkeveld according to Chokai et al. (29) , we arbitrarily assigned it an alteration index above that of Cold Bokkeveld. Cold Bok = Cold Bokkeveld. 
